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DISCUSSION ON "HIGH-VOLTAGE DIRECT-CURRENT AND ALTER-
NATING-CURRENT SYSTEMS FOR INTERURBAN RAILWAYS,"

AT THE CHICAGO BRANCH, MARCH 26, 1907.

James Lyman: No branch of engineering is more active than
that engaged in the electrification of transportation systems,
so Mr. Davis' paper is as timely as it is interesting and instructive.
The network of interurban railways in the middle West is one
result of this activity. There is one system of electric rail-
ways centering in Indianapolis having 400 or 500 miles of road,
and another in the central part of Illinois having about 300
miles of road, with 150 miles more now under construction.

Mr. Hesing: It has been pretty well demonstrated what the
600-volt, direct-current motor will do, but possibly it is not quite
so well understood what the alternating-current motor will
do. Just at present I have charge of a little alternating-
current line, and maybe a short description of what we
do will be of some interest. We operate at 3300 volts.
The line is about 92 miles long, with no sub-stations whatever.
We have a 00 trolley wire. In fact, we started out with two
00 trolley wires, and one was moved over to the pole and now
acts as a feeder. The cars are not very large, about 35 tons,
requiring 75-h.p. motors. To my mind, the operation has been
very satisfactory. Our records show that the cars have run
from 75,000 to 85,000 miles with only one furbishing of the com-
mutators, and they run from 5,000 to 6,000 miles with one set
of carbon brushes. We subject our cars to pretty severe treat-
ment. They are geared for 42 miles an hour, and as the road
is quite small and sometimes pushed beyond its capacity, a
couple of ordinary flat cars are used for trailers, side boards
are put around them and folding-chairs are provided. These
are called "chair cars', and probably 600 or 800 people are hauled
at a load. It doesn't look very nice, but it pays.

I am glad that the speaker says the alternating-current system
is of so much value. I can hardly see how it can be improved
upon, except in one particular--the acceleration of the motors
is slow. Our stops are not frequent, but where, as in the city
practice, stops are very frequent, I think the service would be
a little bit slow. Paralleling the Alton, when we made a run
for that, we had no trouble whatever to give the same service
as the expensive red train. So I think that for a little road-
really an experimental road-the alternating-current system
is the thing to use.

Mr. Gould: Having had experience only with the standard
600-volt, direct-current system, I am more in the nature of a
questioner. I would like to ask Mr. Davis as to the relative
costs of maintenance of the line and trolley system of the two;
that is, how much does the line maintenance of the alternating-
current system exceed that of the 600-volt, direct current-system?
W. J. Davis, Jr.: The single-phase system has not been in
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operation sufficiently long to permit complete standardization
of the line material. Such experience as we have had,
however, indicates that a 6600-volt overhead trolley system
using catenary construction may be made very reliable and
durable, and should give a maintenance cost at least equal to
the best 600-volt, direct-current construction.

Peter Junkersfeld: In making comparisons on the cost, I
notice that Mr. Davis has used a figure of 10. 5% fixed charges
and he has applied that to all three'systems. It seems to
me from what I have heard and from what Mr. Davis has told
us, that if 10.5% is fair for the 600-volt system it is liable to be
somewhat low for the other two systems, for the reason that
they are somewhat new and untried. It seems quite low to me
even for the 600-volt system.
W. J. Davis, Jr.: That 10.5% does not represent maintenance.

It simply represents interest, taxes, insurance, depreciation, and
charges of that nature, with interest at 5%. These are inde-
pendent of the kind of system used. The depreciation has been
taken the same for each system; that is, life of buildings 40 years,
copper and line equipment 20 years, rolling stock 15 years.
These values are rather low than otherwise for a good system.
It is possible to get more than 15 years out of modern car equip-
ments, if well maintained.

Peter Junkersfeld: What I have in mind is, on the new and
untried systems there would be quite a considerable " anti-
quation charge"; that is, the system will probably be perfected
a great deal more in the next five or ten years, and part of the
equipment will probably then be obsolete.
W. J. Davis, Jr.: That is true. Taking that into consideration

the fixed charges should be somewhat higher.
Peter Junkersfeld: And that in time would make it a little

more favorable to the 600-volt system. Another question:
how does the maximum allowable drop compare in- the twc
systems ?
W. J. Davis, Jr.: The maximum momentary drop permissible in

the 600-volt system should not, as a rule, exceed 50%; most sys-
tems are usually calculated for about 25%. The latter condition
will give about 5% average energy drop, depending upon the
frequency of the service, grades, and other conditions. In
the 6600-volt, single-phase system the average allowable drop
in the secondary distributing system is usually fixed at 5%,
including that in the rail return, with swings approaching 10%.
It must be remembered that in the alternating-current system
the drop in the various sections between the car and the power
station bus-bars is cumulative. In addition to the drop in the
trolley line and track, there is an energy drop and reactive- drop
in the step-down transformers, transmission line, and step-up
transformers. Finally, there is the regulation of the generators
and the drop in speed of the engines when the car starts. These
are all cumulative in their effect. In a direct-current system,
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on1 the otlher hand, we have only to consider the drop from the
suib-station bus-bars to the car. For the above reasons it is
necessary and desirable to allow a much smaller maximuni
drop in an alternating-current system than in a direct-current
trolley system. A maximum voltage drop of 10%O in trolley
and track of a single-phase system will often correspond to 25
or .30% drop in the whole system.
W. A. Blanck: Mr. Davis makes a statement about 40%

of these roads being single-phase roads. I must say I have
enjoyed the statement very much, because we have tried in the
middle West to find railways on which we -could use the single-
phase system. Most of those we have investigated fownd it almost
prohibitive to use the single-phase system, because of exchang-
ing rolling stock with other roads and running into the cities
where direct current is used. Furthermore, we find it very diffi-
cult always to use high potential in the cities themselves. Is
it possible to overcome these difficulties? Most of our systems
run- into cities where we can not use the alternating-current
system to-day.

Mr. Davis proposes to put the sub-stations about 32 miles
apart, which would give 16 miles on each side for one section.
That is rather long and it makes the section dependent on any
kind of breakdown in that long section, so that more sub-
divisions with feeders or more frequent sub-stations will be
required. Have these questions been investigated, and has
any difficulty been found in placing the sub-stations so far
apart ?
W. J. Davis, Jr.: I do not think it necessary to place sub-stations

closer together, because of possible unreliability in the secondary
distributing system. It might be well to have a switch on a
pole suitably located so that a part of the line may be cut out for
repairs. If the line is properly erected, a 30-mile section, where
cars are operating normally on one-hour headway with a maxi-
mum of one half-hour headway, ought not to be considered ex-
cessive in the light of past experience. The tinle may come
in the development of the alternating-current system when
sub-stations will be omitted entirely and 11,000 volts will be
fed direct into the trolley with power stations located 30 to 50
miles apart. If the load-factor is sufficiently good to warrant
the use of this arrangement, the system is reduced to the basis
of the ordinary city railway system so far as simplicity and
reliability are concerned. Some of the 6600-volt, single-phase
roads now being i-nstalled will feed out 15 or 16 miles from one
sub-station.
W. A. Blanck: It is necessary to enter cities with interurban

roads. If steam-road conditions prevailed, if there were isolated
terminals, an alternating-current system would be practicable,
but interurban roads generally terminate in a city, and must
operate therein by the direct-current system. We are all con-
vinced that the alternating-current system is a coming system-
much less investment for same amount of traffic done-but
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present operating conditions almost make it prohibitive to put
it in.
W. J. Davis, Jr.: So far as the motor is concerned, the alterna-

ting-current motor can be built to operate as well on direct
current as the ordinary direct currrent mnotor. Several in-
stances have come under my observation wher-e a combination of
the 600-volt, direct-current and 6,600-volt single-phase sytems
has made it possible to- secure an increased economy in opera-
tion and also a considerable saving in cost.

I have in mind the case of a road 65 to 70 miles long. On
the first 15 miles the serTice will be extremely lieavy, requiring
the operation of two- or three-car trains on 15-nminute headway
with frequent stops. The rest of the road will require the ser-
vice of single cars every hour. There will be required a rolling
stock equipment of about 30 cars, of which 25 will oper-
ate on the 15-mile suburban section and the remaining
five on the longer interurban section. A straight single-phase
system will prove objectionable on account of the intrinsically
higher cost of the car equipments, due to the frequent service
on the other hand, the straight direct-current system will provc
expensive on account of the larger number of synchronous
converter sub-stations required on the 40-mnile interurban section.
A combination of these two systems, the 15-mile suburban
system being equipped for direct current and the 40 miles inter-
urban section for alternating current, will prove cheaper in first
cost and more economical to operate than either system con-
sidered separately. This combined system will require two
alternating-current sub-stations on the 40-mile interurban
section, two direct-current sub-stations on the 15-mile suburban
section, twenty-five direct-current equipments, and five single-
phase equipments. The objection from an operating stand-
point of having two types of motors is more than counterbalanced
bv the possibility of securing the most desirable operating
features of both systems with the objectionable features of
each reduced to a minimum.

T. F. Clohesey: What is the relative efficiency of these
motors while running? For instance, a 300-h.p. car at full
load alternating current and then when it enters a city and has
to operate on direct current? What is the efficiency of the same
car provided there are no stops?
W. J. Davis, Jr.: It will be about 2% better on direct current

than on alternating current.
W. A. Blanck: Have you overcome all the difficulties nowA

in regard to interference with telephone lines? I have heard
that in the East especially there are frequent complaints from
telephone subscribers in the interurban districts-they haVe
complained of interference with the service.
W. J. Davis, Jr.: There were complaints in the early days.,

because we had no operating experience with the actual con-
ditions existing between the telephone lines and the single-
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phase lines, but within the last year we have found out how to
cure all of the troubles. I do not know of a single case where,
if proper consideration is given to the system when it is first
put in, there should be any trouble with the telephones.
W. A. Blanck: There is another very interesting question

to be settled--the bow versus the trolley. In the different tests
mentioned, which arrangement has been used for collecting
the current from the conductor?
W. J. Davis, Jr.: That question is probably the most vital

of the whole alternating-current system. No overhead collect-
ing device has yet been devised which experience has shown to
be safe and reliable and to have a low maintenance at a speed
exceeding 60 miles an hour. The third-rail is the only system
which has been proved to be absolutely satisfactory. There
have been several bow collectors designed, but none of these
has been operated long enough to show exactly what mainte-
nance could be expected from it. After a little more experi-
ence we may probably produce some form of collector which will
have a longer life than the present form.
W. A. Blanck: What difficulty have you experienced in regard

to the suspension of the trolley wire in the catenary form.
Where the suspension points are less than three feet apart, do
you find in running 60 miles an hour that each point gives a
particular shock or kick to the bow, or do you overcome these
difficulties? Have you been able so far to see what it will
take to keep up the catenary construction work? Have you
any data on these matters?
W. J. Davis, Jr.: No; we haven't any data to cover any period

of time of sufficient length to be reliable. The suspension points
in my opinion ought to be 15 to 18 ft. apart; this spacing giving
the best results at high speeds where bow collectors are used.
Where a wheel collector is used, the spacing between suspensions
may be made 50 ft, or about three to the interval between
poles.
W. A. Blanck: Have you found it necessary in your exeri-

ence to bond both tracks for single-phase service? or do you
think it is sufficient to have only one track rail bonded, and in
case of double track to have one cross-bond every half mile
or so, or do you find it necessary to put a bond on each track?
W. J. Davis, Jr.: It s usual to bond both tracks, because of

greater safety, but I do not think there would be any great
danger if only one track were bonded. In many high-tension
systems a ground wire is carried on the poles as a lightning pro-
tection. If that ground wire were connected to the rail at suit-
able intervals trouble would be prevented.
W. A. Blanck: My special question with reference to that

is whether one of the rails can not be used for signal service,
and if it is what interference is there from having only one rail
bonded and alternating current in one rail, while perhaps there
is another frequency for single phase in the second rail, which
I understand to a certain degree is used in the New York Central.
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W. J. Davis, Jr.: I do not know of any case where that ar-
rangement is used, but I can think of no objections to it. It
would appear to be perfectly safe if a ground wire is run in con-
nection with the track return.

L. M. Zapp: Mr. Davis, in his statement as to direct-current
efficiency, said I think 71 per cent. from power station to the
car on 600 volts. Is not that rather high?
W J. Davis, Jr.: The value given is based on 90%/0 efficiency

for the trolley system, 83% for sub-stations, including transform-
ers and synchronous converters, and 9570 for the transmission
line.

L. M. Zapp: Of course that would depend on the load-
factor and also on the magnitude of the system, whether it is
only a 50-mile system operating from one power station, or a
300-mile system. The load-factor on an interurban line operat-
ing half-hour or even hour schedules will very seldom be greater
than 35%, if storage-batteries are not used. May I ask Mr.
Gould if he remembers just what his figures are?

Mr. Gould: They will not average 35%.
W. J. Davis, Jr.: Do you remember what your efficiency is?
-Mr. Gould: About 75%/0 from the sub-stations bus-bar.
L. M. Zapp: In a paper written by Mr. A. S. Richey, electri-

cal engineer of the Indiana Union Traction Company, he said
that the average efficiency of transmission from power station
to the car motors on that system was a little better than 56%.
That was on about a 300-mile, single-track system. I was connect-
ed with that road, and I remember that with 13 sub-stations we
got an average efficiency from power station bus-bars to sub-
station bus-bars of about 70%. The sub-stations would average
about 15 miles apart. The feeder was nearly all 500,000 cir-
cular mils. Mr. Richey's later tests showed that the average
efficiency to the car motor was only about 55 or 56%/7. That
being the case, it would make the figures still more favorable
to the alternating-current railway.

I. E. Brooke: In the alternating-current system with sub-
stations 32 miles apart, what system of lightning protection is
used for the catenary? Is there any other protection than
that at the sub-stations themselves?
W. J. Davis, Jr: I think it would be well to have lightning-

arresters more frequently than at the sub-stations. It is usual
to place pole arresters about one mile apart.

I. E. Brook: It' is a simple matter in a direct-current system
to put up a lightning-arrester on a pole every 1000 ft. or so.

ith 6000 volts it is a different proposition.-
W. J. Davis, Jr.: Yes; they should be boxed in.
I. E. Brook: What are railway engineers doing at present

with three-p-hase motors for heavy power work? Has that
proposition been dropped or are they still considering it?
W. J. Davis, Jr.: There is quite a well defined field for the

three-phase motor. That field, however, apparently does not



19071 DISCUSSION AT CHICAGO 399

exist in interurban railway work, but it has been found to be
especially applicable to hauling trains on heavy mnountain grades
reaching 2% and 2.5% and covering sections of 10 to 30 miles.
By the use of the three-phase mnotor, it is possible without
material complication in the control system. to return power
to 'the line on descending grades. Power saved by such regen-
eration is of secondary imnportance, however, as the greatest
gain is made by the saving in wear on wheels and brake-shoes.
The company with which I am connected has not yet built

a locomotive of this type, but a large number of designs have
been investigated, and there are no physical reasons why such
locomotives cannot be built as powerful and as reliable as direct-
current or single-phase locomotives.
H. R. King: What is the character of the station in a 1201J-

volt-direct-current equipment; that is, the character of the gener-
ator equipment?
W. J. Davis, Jr.: With one exception the roads now being

built will use two synchronous converters connected in series.:.. It
is perfectly feasible to build reliable 1200-volt, direct-current
generators or, synchronous converters.

Mr. Hatch: In regard to the 1200-volt line now building
from Seymour to Sellersburg. If I remember aright the cur-
rent out of Indianapolis is 550 volts; then there is a.stretch
using 1200 volts, and on the other end of the line I believe it
is 650 volts. Will they be able to run any car clear through
on that line?
W. J. Davis, Jr.: Yes; the motors will be wound for 600 volts,

and on the 550- and 650-volt sections they will run at full
maximum speed with motors in multiple. For 1200 volts, the
motors will be connected in groups, tw-o series, two multiple.

Mr. Hatch: Would there hav\e to be very much change in
an ordinary direct-current car to do that?
W. J. Davis, Jr.: No; simply having a commutating switch

which will change the grouping of the motors as the car passes
from one section to the other.

Mr. Hatch: Practically the same speed?
W. J. Davis, Jr.: Yes. The volts per motor will be the same

for 1200- as for 600-volt operation. There may be cases where
it is desirable to run at half speed on the 600-volt section; namely,
within city limits. Here it might be well to use a 1200-volt
motor, although the same result can be obtained by connecting
in series-multiple groups, using 600-volt motors.

E. N. Lake: What rate of acceleration have they been able
to attain with the later single-phase equipments?
W. J. Davis, Jr.: That depends on the size of the motor and

gear-reduction. Most interurban single-phase cars, geared
for 40 to 45 miles an hour with four 75-h.p. motors, 42-
ton car, will give about one mile per hour per second rate of
acceleration. As a matter of fact, it is not essential to have a
very high rate of acceleration for interurban work, because the
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stops are infrequent (averaging about one in two miles) and
the difference between one mile per hour per second and a mile
and a quarter per hour per second, would not materially
affect the running time.
James Lyman: Mr. Junkersfeld has referred to the deprecia-

tion percentage. Mr. Davis' figures are, I think conserv-
ative. In the development of a new line of apparatus,
like this alternating-current-direct-current car equipment, it is
understood that there are some features that undoubtedly will
become obsolete after a time and will have to be replaced.
There is also a good deal of apparatus that can be depended
upon as reliable and as slow in depreciation and good for
many years. The question that confronts the railroad en-
gineer is whether it is not better on new work where the con-
ditions are favorable to get in line at the start for the alternat-
ing-current type of apparatus that will soon become standard
practice and which will eventually, if not at once, show marked
economy over the standard COO-volt, direct-current system.


